Plasma adrenaline and noradrenaline concentrations have been measured in nine children undergoing cardiac operations involving extracorporeal circulation under neuroleptanaesthesia.
INTRODUCTION
EXTRACORPOREAL circulation has been referred to as "controlled shock". Increases of plasma levels of "stress hormones", including catecholamines,*-9 vasopressinS.lO,,i and growth hormone .2 during extracorporeal circulation have been reported in adults. However, little information is available regarding the hormonal responses to extracorporeal circulation in children. The authors have measured plasma adrenaline and noradrenaline concentrations during open heart operations in children to elucidate catecholamine responses to extracorporeal circulation.
METHOD

Subjects
Nine children, six boys and three girls, ranging in age from two to eight years (mean 4.9 ---0.8) and weighing 11.0 to 43.5 kg (mean 18.2 -3.3) who underwent open-heart operations under extracorporeal circulation, were the subjects of our study. Informed consent was obtained from their parents. Six operations were closures of VSD, two closures of ASD, and one repair of pulmonary stenosis. 
Anaesthesia
Extracorporeal circulation
A.C.D. blood, lactated Ringer's solution and mannitol were used as priming solution, and haematocrit was adjusted between 20 and 30 per cent. Extracorporeal circulation was maintained with a bubble-type oxygenator (Shiley S070) under non-pulsatile flow with moderate hypothermia (30-32~ Duration of extracorporeal circulation ranged from 36 to 108 minutes (mean 63 ---7.2).
Sampling
Six ml of whole blood was drawn from the arterial line at eight sampling times. These were as follows: SI, control, just after arterial cannulation; $2, immediately before skin incision; $3, immediately before extracorporeal circulation (ECC); $4, five minutes ECC; $5, 20 minutes ECC; $6, 40 minutes ECC; $7, 30 minutes after termination of ECC; $8, in the recovery room. The samples were centrifuged immediately and the plasma was stored at 126 -20~ until analysis. Blood samples were assayed for adrenaline and noradrenaline using a modification of the method of Anton et al. ~3 with high speed liquid chromatography. Coefficients of variations of adrenaline and noradrenaline were 10.8 and 7.0 per cent, respectively. The minimum sensitivity of both hormones was 30 pg.
Student's t-test was used for statistical analysis, and P < 0.05 was regarded as statistically significant. Mean plasma concentration of noradrenaline was 217.8 ---48.8 (S.E.) pg/ml at St (control). A slight increase in the concentration was observed during extracorporeal circulation these being 
DISCUSSION
Increase in plasma catecholamines during extracorpomal circulation in children was observed in our study. Increase of plasma catecholamines during extracorporeal circulation in adults has been reported during anaesthesia with nitrous 1 oxide-thio!~entone-gallamine, diethyl 4 4-7 ether, 2 halothane, enflurane, morphine, neurotept anaesthesia 7'8 and massive doses of fentanyl. 9 Others have reported that there was no increase in plasma catecholamine concentrations during extracorporeal circulation in adults anaesthetized with halothane, 2 neurolept anaes-14 thesia and phenoperidine or fentanyl combined with less than 0.5 per cent halothane, t5 However, little is known about catecholamine responses to extracorporeal circulation in children.
Anton, et al 2 reported a greater urinary adrenaline excretion in children following car-diac operations under extracorporeal circulation than in adults, and suggested that this might be due to a greater adrenaline response. Satoh 16 observed a 33-fold increase in plasma adrenaline concentration during extracorporeal circulation under neurolept-anaesthesia in ten children with a mean age of eight years.
Changes in plasma noradrenaline concentrations in our study were much less marked than those for adrenaline, as reported both in adults t.2,,,,~9,14,15 and children. 16 Differences in noradrenaline response to extracorporeal circulation between adults and children seems to be minimal.
The dominant response of adrenaline in children is interesting, since the ratio of adrenaline to noradrenaline in the adrenal medulla increases with age, and 80 per cent of catecholamines in the adrenal venous blood in the adult is adrenaline. 17 Several theories have been advanced to explain the rise in catecholamine during extracorporeal circulation. They include hypotension at 4...6 14 the start of extracorporeal circulation ' lightening of anaesthesia by haemodilution, 18 hypothermia, s inadequate tissue perfusion, 19 differences in pulsatile and non-pulsatile flow 2~ and greater stress from the extracorporeal circulation than from the surgical intervention? Tan, et al. 4 reported that the recovery of blood pressure following initial hypotension at the start of extracorporeal circulation under morphine anaesthesia was parallelled by an increase of plasma catecholamines, and they postulated that the initial hypotension might trigger catecholamine release. Stanley, et al. 9 observed that large doses of fentanyl (75 i~g'kg -I) prevented the rises of plasma cortisol, adrenaline, noradrenaline, and dopamine caused by surgical stress, but it did not prevent the increase of adrenaline, noradrenaline and dopamine brought about by the stress from the extracorporeal circulation. They suggested therefore that the magnitude of stress from extracorporeal circulation is much greater than that produced by surgery.
The exact mechanism of the rise in catecholamines during extracorporeal circulation is not clear, but it is clear that it is not physiological and represents a severe stress to children.
